Effects of %W

Agronomic Factors
on the Rutin Content
of Buckwheat

Technical Bulletin No. 1132

U. S. DEPARTMENT OF AGRICULTURE
in cooperation with

the Pennsylvania Agricultural

Experiment Station



The project reported here was carried out cooperatively by the
Eastern Utilization Research Branch and the Field Crops Researc}'!
Branch, Agricultural Research Service, United States Departmen
of Agriculture, and the Agricultural Experiment Station of The
Pennsylvania State University. At the time of this research two of
the Department authors—Naghski and Couch—were in the former
Bureau of Agricultural and Industrial Chemistry; the other two—
Taylor and Sando—were in the former Bureau of Plant Industry,
Soils, and Agricultural Engineering.

CONTENTS
Page Page
Introduction____________________ 1 Results_______________________._ 10
L. . Buckwheat grown on Hagerstown
Description of experimental plots. 2 soil at Lancaster, Pa_.______ 10
- Hagerstown silt loam at Lan- Buckwheat grown on Dekalb
caster, Pa____________ . 2 soiloo o 14
Dekalb silt loam_______.______ 4 Buckwheat grown on Volusia
Volusia silt loam______________ 4 R 20
Ha, erstown Sllt loam at State Buckwheat grown on Hagersto“rn
ollege, Pa_...____.______._ 5 soil at State College, Pa______ 26
Lansdale silt loam_____.______ 5  Buckwheat grown on Lansdale
Composition of soils___________ 5 soil 30
Varieties of buckwheat________ T . o TTTTTTTT T e
Discussion....__________________ 39
Sampling and analysis of buck- Effects of age and planting date. 39
wheat______________________ 8 Effect of variety______________ 41
Sampling method_____._____.___. 8  Effect of rate of seeding. . ____ . _ 43
Determination of height_______ 8 Effects of fertilizers.___________ 43
Determination of weight_______ 9 Effect of soil type_________ .. 45
gezermination og moisture. ____ . g Effect of manner of harvesting__ 45
etermination of rutin_________ P )
Separation of leaves and stems. 9 Summary and recommendations__ 48

Calculation of results_________._ 10 Literature cited_ ________________ 49



Effects of
Agronomic Factors
on the Rutin Content
of Buckwheat

By J. Nagmskl, chemist, Eastern Ulilization Research Branch, J. F. Coucn,?
J. W. Tayror? and W. J. Sanpo, agronomist, Field Crops Research Branch,
Agricultural Research Service, United Slates Department of Agriculture, and
J. W. WHITE,* professor, Soil Technology, F. J. HOLBEN, assistant professor, Soil
Technology, and .J. B. WasHKoO, professor of Agronomy, of the Agricultural Ezperi-
ment Station of The Pennsylvania State University.s

INTRODUCTION

Use of rutin as a medicinal agent has greatly stimulated the pro-
duction of this compound. Rutin is prescribed for the treatment of
vascular disorders characterized by abnormally fragile or permeable
capillaries. Correction by rutin of increased capillary fragility
results in a decreased incidence of vascular complications such as
retinal hemorrhage, apoplexy, and coronary occlusion. The clinical
applications of rutin together with its chemistry and pharmocology
have been summarized extensively in a recent book by Griffith,
Krewson, and Naghski (5)®. Demands for this drug have prompted
many investigators not only to reevaluate old sources but also to
search for new ones.

During the summers of 1944 and 1945 numerous samples of buck-
wheat of the Japanese variety (Fagopyrum esculentum), grown at the
Eastern Regional Research Laboratory just outside Philadelphia,
were examined for rutin content. The rutin content was considerably
greater than that reported by earlier investigators. These studies
established the fact that buckwheat could be an important domestic
commercial source of this drug, which is a flavonol glycoside (1).

Later studies revealed that Tartary buckwheat is from 45 to 80
percent richer in rutin than the Japanese variety, and produces
greater yields of rutin per acre (3). The Tartary also has a higher
proportion of leaves and yields a greater quantity of leaf per acre.
This finding is especially important in producing buckwheat leaf meal

! Submitted for publication April 26, 1953.

2 Died August 9, 1951.

3 Retired July 1951.

4 Retired June 1948.

5 The authors are indebted to O. E. Street, of the former Bureau of Plant
Industry, Soils, and Agricultural Engineering, for the installation and supervision
of the experiment at Lancaster, and to W. L. Porter and C. S. Fenske, Eastern
Utilization Research Branch, for assistance in sampling and analyzing plant
material.

8 Italic numbers in parentheses refer to Literature Cited, p. 49.



of high rutin content by fractional drying, for the greater portion of
the rutin is in the leaves and blossoms; only a small percentage is in
the stems (74). Unlike the Japanese and Silverhull varieties, the
Tartary is indeterminate in growth habit and continues to grow
even after seeds have formed; consequently, it maintains its rutin
content at a high level for a longer time. This means that the
harvest period for this variety is not so limited or so critical as that
for the Japanese. Furthermore, since the Tartary is more frost
resistant, it can be planted earlier in the spring, and its harvest time
can be prolonged in the fall. This condition gives a more extended

wing season than is possible for the Japanese. In addition to
these cultural advantages, Tartary buckwheat is better suited for
dehydrating. It can be dried successfully at higher temperatures and
with less critical control, so that drier capacities required are smaller
than those needed for Japanese buckwheat (4, 18). Methods for
extracting and refining rutin have been published (9).

To determine the effects of various agronomic and physiologic
factors on the production of rutin by buckwheat, five varieties—
Japanese, Silverhull, Tartary, Tetraploid, and Emarginatum—werc
grown in central and eastern Pennsylvania on Hagerstown, Dekalb,

olusia, and Lansdale silt loams. The results—the effects of age of
plants, date of planting, rate of seeding, fertilizer, and manner of
harvesting on the production of rutin and dry matter—are reported
in this bulletin.

DESCRIPTION OF EXPERIMENTAL PLOTS

In each experiment the soil was plowed and harrowed several days
before the seeds were planted, and the seedbed was firmed by use of a
cultipacker. The experiments are discussed under the names of the
respective soil types used.

Hagerstown Silt Loam at Lancaster, Pa.

The first experiment was conducted in 1946 on Hagerstown silt
loam at the Tobacco Experiment Laboratory in Lancaster, Pa.
Effects of fertilizing with phosphorus alone, or phosphorus in combi-
nation with potassium or nitrogen and potassium, were studied.
Phosphorus was applied at the rate of 60 pounds of phosphorus
pentoxide (P,0;, as superphosphate) per acre, potassium at the rate
of 60 pounds of potash (as potassium chloride) per acre, and nitrogen
(as ammonium sulfate) at the rate of 20 pounds per acre. Untreated

“soil was used as a control. All the plots except one contained 9 rows

each of Tartary and Japanese buckwheat, 3 rows of Japanese being alter-
nated with 3 rows of Tartary (fig. 1, A). The rows were 12 inches
apart. One plot treated with nitrogen-phosphorus-potassium con-
tained the Tetraploid variety instead of the Japanese. The Tartary
and Tetraploid were planted at the rate of 2% pecks of seed per acre
and the Japanese at the rate of 4 pecks per acre. Plantings were
made on May 13, June 13, and August 1. The first samples were
taken when the buckwheat was from 5 to 7 inches high.
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FicurE 1.—Planting charts of plots in buckwheat experiments on silt loams in
Pennsylvania: A, On Hagerstown at Lancaster; B, on Dekalb near Woodland
and on Volusia near Montrose; and C, on Hagerstown at State College.



Dekalb Silt Loam

The second experiment in the series was conducted in 1947 on
Dekalb silt loam near Woodland, Clearfield County, Pa. The field,
which had been uncropped from 1940 to 1945, had been planted in
buckwheat in 1946 after being fertilized with 200 pounds of 20-
percent superphosphate per acre. To permit three replications of
each treatment, this experiment included twelve 20- by 20-foot plots.
All plots received limestone at the rate of 1,000 pounds per acre.
The plots were treated with the same combinations of fertilizers used
in the previous experiment. The control received only limestone.
On June 13, 5 rows each of Japanese, Tartary, Tetraploid, and
Emarginatum were planted 1 foot apart in each plot (fig. 1, B). The

Ficure 2.—Buckwheat 35 days old.

rate of seeding was the equivalent of 1 seed to each 2 inches in the
row, or 120 viable seeds per row.

Samples for determination of yields of leaves and stems and their
rutin content were taken on July 24 and August 6 and 18. Measure-
ments for relative heights of the plants were made on July 15 and 24
and August 6 and 18. Figure 2 shows the plots when the buckwheat
was 35 days old.

Volusia Silt Loam

The third experiment was conducted in 1947 near Montrose,
Susquehanna County, Pa. The field had been planted in oats in
1945 and later seeded to mixed red and alsike clover. In the fall of
1946 the clover sod had been plowed under. The arrangement and
number of plots, rate of seeding, varieties of buckwheat, and fertilizer
treatments were the same as those in the experiment on Dekalb soil



(fig. 1, B). The plots were seeded on June 24. Samples for the
determination of yields of stems and leaves were taken on August 25,
and for rutin analysis on August 12 and 25. Measurements for height
were made on July 30 and August 11 and 25.

Hagerstown Silt Loam at State College, Pa.

The fourth experiment in the series was made in 1947 on Hagers-
town silt loam at The Pennsylvania State University Agricultural
Experiment Station, at State College, Pa. The area included plots
5, 6, and 7 of tier 4 from a previous experiment (15) designed to
study the effect of phosphatic fertilizer and had been uncropped since
1941. The buckwheat experiment included sixteen 16- by 10-foot
plots arranged as shown in figure 1, C. Rates of application of
nitrogen, phosphorus, and potassium were the same as those used in
experiments on the Dekalb and Volusia soils.

This experiment differed from the other two conducted in 1947 in
that one-half of the plots were not treated with limestone. The
plots were seeded to the four varieties of buckwheat—dJapanese,
Tartary, Tetraploid, and Emarginatum—on July 11. Measurements
for height of plants were made on August 15, 22, and 29, and samples
for determination of yields of stems and leaves and their rutin con-
tent were taken on September 2.

Lansdale Silt Loam

The fifth experiment was made in 1948 near Horsham, Mont-
gomery County, Pa., on Lansdale silt loam of the best-drained phase
of this soil type. The field had been uncropped for a number of
years, but in 1947 it had been seeded to soybeans without fertilizer
treatment. The primary purpose of this experiment was to deter-
mine the effect of the rate of seeding on the yield of dry matter and
the rutin content. The Tartary, Tetraploid, Emarginatum, and
Silverhull varieties were used. Superphosphate was applied uni-
formly to 31- by 20-foot plots at the rate of 48 pounds of phos-
phorus pentoxide per acre. No limestone was applied. Figure 3

- shows the number and arrangement of plots and the rates of appli-
cation of nitrogen and seeding. In the rows spaced 14 inches apart
an excess of seed was planted, and the rows were later thinned so
that the plants were spaced 4 or 6 inches apart in the row. 1In the
rows 7 inches apart, sufficient seed was planted to furnish 240 viable
seeds a row, or 1 seed to each inch of row.

The plots were seeded on June 10 and 11. Measurements for height
were made on July 8 and 27 and August 10 and 27; samples for a
determination of yields of stems and leaves were taken on July 27
and August 10, and samples for a determination of rutin content
were taken at weekly intervals from July 12 until August 9.

Composition of Soils

The soil used in the experiment made in 1946 was not analyzed,
but in each of the other four experiments a composite soil sample
representative of the area was taken before the application of ferti-
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lizers and limestone. Available potassium and phosphorus contents,
pH, and limestone requirements were determined. The methods
used were as follows: For available phosphorus, Truog’s method (21);
for available potassium, the method of Volk and Truog (22); and for
limestone requirement, the procedure described by White, Holben,
and Richer (23). The pH value was determined by electrometric
titration with a glass electrode. Table 1 shows the results. The four
soils were above average in their available potassium and phosphorus
contents. With the exception of the Volusia soil, they were too acid
to produce normal yields of most farm crops other than buckwheat.

TABLE 1.—Analyses and limesione requirements of soils used in buck-
wheat experiments in 1947 and 1948

, ' Available ' Available Limestone
Soil type phosphorus : potassium pH requirement

per acre per acre per acre

' Pounds | Pounds i Pounds
Dekalb_ ... ______________ : 66 | 147 3 6, 731
Volusia_ - .- _.____...__ : 78 265 6.1 1,791
Hagerstown at State College.: 49 123 5.5 2, 607
Lansdale_____._____________ f 48 160 4.9 4,673

i :

Varieties of Buckwheat

Common buckwheat (Fagopyrum esculentum) was represented in
these experiments by two varieties, Japanese and Silverhull. They
are the varieties grown in America for buckwheat flour and various
commercial byproducts (23).

Tartary buckwheat (Fagopyrum tataricum) is known in various locali-
ties under such names as “Duckwheat,” “Rye buckwheat,” “Marino,”
“Mountain,” “Siberian,” “Wild Goose,” ‘‘Hull-less,” and ‘“Bloom-
less.” Because the Tartary produces small grain, it is grown to only
a slight extent in this country. Owing to its high percentage of hull
and a characteristic bitter taste, the grain of this variety is unsuited
for human consumption; it is used exclusively for cattle and poultry
feed. Until 1946 there was no commercial supply of seed available.
Previous experiments at the Pennsylvania Agricultural Experiment
Station (23) had shown that the Tartary produces on an average 40
percent higher yields of leaves than the Japanese variety, which up
to 1945 had been the only variety used for rutin studies. Figure 4
shows a typical field of Tartary buckwheat at harvest time.

Notch-seeded buckwheat (Fagopyrum emarginatum) is sometimes
known as wing-seeded buckwheat. There is a difference of opinion
concerning the nature and classification of this buckwheat. Hunt (6)
lists it as a separate species, whereas Quisenberry and Taylor (19)
state that there is no difference between the Emarginatum and the
Japanese other than the shape of the seed, and they suggest that the
Emarginatum should be considered only as a variety or type of
Japanese and not as a different species. However. observations made
during this study on growth habit, production of rutin, yields of stems
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Ficure 4.—Tartary buckwheat ready for harvesting for production of rutin.

and leaves, response to agronomic factors, and seed production
strongly indicate that the Emarginatum should be treated as a definite
species.

The Tartary-Tetraploid (Fagopyrum tetra-tataricum) was developed
from the Tartary by Sando (20).

SAMPLING AND ANALYSES OF BUCKWHEAT
Sampling Method

In sampling, plants were selected at random and as representative
of the plots as possible; unusually large or small plants were avoided.
Samples were cut 1 inch above the ground in order not to disturb the
roots of neighboring plants. A 600- to 1,000-gram sample, which
contained from 15 to 50 plants, depending on their age and develop-
ment, was collected from each plot. Wherever the fertilizer treat-
ments were replicated, an equal number of plants were selected from
each of the similar plots, combined, and treated as 1 sample. This
was necessary because the perishability of the samples made it impera-
tive to analyze them at once, and the number of extractors available
limited to 12 the samples that could be analyzed at one time.

Determination of Height

In the 1946 experiment the average height of 30 plants selected at
random was taken as the height of the buckwheat on the plot. In
the experiments made in 1947 and 1948, height was based on the
average of 9 plants, 3 from each of the 3 plots given the same fertilizer
treatment.



Determination of Weight

The sample was weighed, and the average weight per green plant
was calculated. This was converted to dry weight by means of the
moisture factor.

Determination of Moisture

Samples for the determination of moisture were taken immediately
after the plants were harvested. A 50- to 100-gram sample of whole
plant was weighed to the nearest 0.1 gram in a tared jar; the jar was
segled and taken to the laboratory. Loss in weight after 18 hours at
110° C. was calculated as moisture.

Determination of Rutin

The location of the plots made it necessary to store the samples for
2 to 24 hours before they could be delivered to the laboratory for anal-
ysis. To prevent loss of rutin during transportation, the samples
were put in ethanol as soon as they were harvested. Duplicate 200-

am samples of whole plant (weighed to the nearest 0.1 gram) were cut
in pieces 1 to 2 inches long, placed in a 1-quart fruit jar, and covered
with absolute ethanol. The jar then was sealed. Samples preserved
in this manner retained their rutin contents unchanged for several
days. Onarrival at the laboratory the alcoholic solution was decanted
and the partly extracted plant material was transferred to a Soxhlet
extractor. Extraction was continued with fresh ethanol until the
extract was colorless (8 to 12 hours). The combined extracts were
concentrated to a small volume (200 ml.) and transferred to a casserole,
and the remaining solvent was then evaporated on a steam bath.
Water was added to the residue in the casserole (100 ml. for each 0.4
gram of rutin expected), the mixture was boiled for 1 to 2 minutes to
dissolve the rutin, and filtered through a rapid filter paper to remove
the fatty materials. The filter paper and contents were returned to
the casserole, boiled with a small quantity of water, and refiltered.
To dissolve all the rutin, this was repeated if necessary. The com-
bined filtrates were stored at room temperature overnight and then
in a refrigerator until crystallization was complete (1 or 2 days). The
rutin was filtered off in a tared Gooch crucible, washed with cold water,
and dried at 110° C. for 4 hours or to a constant weight. The rutin
content was calculated on the moisture-free basis (13).

Separation of Leaves and Stems

Stems and leaves were weighed separately except in the 1946 exper-
iment. The green plants were stripped of all leaves, and then the
stems (chopped ﬁnelgr) and leaves were dried separately to a constant
weight in a steam oven at 80° C. They were allowed to remain for
several days at room temperature and then weighed. Moisture was
determined at 100° C. on composite samples of each variety, and the
weights were computed on the moisture-free basis.



Calculation of Results

All data on yields are given on the moisture-free basis. The follow-
ing formula was used to convert yields from grams per plant to pounds
per acre: :

Pounds per acre=
grams per plant (

square feet per acre number of plants per row)
square feet per row " grams per pound

RESULTS

Buckwheat Grown on Hagerstown Soil at Lancaster, Pa.
Production of Dry Matter

Each of the fertilizer treatments in the experiment on Hagerstown
soil at Lancaster increased the yields of dry matter by both Japanese
and Tartary buckwheat, as compared with the yield on the untreated
soil (table 2). Phosphorus-potassium produced the most outstanding
results. . Table 3 shows the relative effects of the fertilizer on yields
of dry matter. The Japanese and Tartary varieties showed similar
responses. The plots treated with nitrogen-phosphorus-potassium
produced the greatest increase in yields during the first planting—in
May; there was less response to this fertilizer treatment in the two
later plantings. This may have been due to a delay in nitrification,
which did not make the nitrogen from the plowed-under native plant
materials available until later in the season.

Yields of Tartary dry matter were somewhat greater than those of the
Japanese. If yields of the Japanese are taken as 100, the Tartary
yields had the following values: Untreated plots, 118; phosphorus
treated, 118; phosphorus-potassium treated, 113; and nitrogen-
phosphorus-potassium treated, 117.

Table 2 also shows the increase of dry matter with age. Plants
grown on the nitrogen-phosphorus-potassium treated plots were more
succulent than the others, as indicated by their lower content of
matter. The Japanese matured more rapidly than the Tartary, as
shown by its higher dry-matter content at the same age.

Production of Rutin

Data on the rutin contents of the two varieties and the yields of
rutin per acre are included in table 2. Except for extremely young
plants, the younger plants had the highest percentage of rutin, owing
to the greater proportion of leaves to stems. The maximum yields,
however, were produced by the more mature plants. Both Japanese
and Tartary buckwheat produced higher yields of rutin on the fer-
tilized plots. In the first planting, a definite response to nitrogen-
phosphorus-potassium was shown by the Japanese and to phosphorus-
potassium by the Tartary. There were no significant differences, how-
ever, in the average results of the three fertilizer treatments. This
fact is emphasized by the data in table 3, which show the relative
values of the fertilizer treatments.
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TaBLE 3.—Relative effects of fertilizers® on yields of dry matter and
rutin by two varieties of buckwheat grown on Hagerstown soil at Lan-
caster.  (Untreated plot=100)

Planted May 13, 1946

Dry matter Rutin

Age of plants &
(days after Japanese Tartary Japanese Tartary
emergence)
P |PK|NPK| P [PK|NPK| P |PK|NPK| P |PK|NPK

15 s 118 |118 | 130 {196 |217 | 225 [144 |144 | 128 |209 273 | 209
22 . 132 |167 | 204 (146 |140 | 175 |108 |132 | 205 |142 (139 | 145
29 .. 155 [181 | 199 [134 |127 | 169 |152 |162 | 178 |132 |137 | 141
36 . 140 '150 | 154 135 |182 | 221 ;158 (139 | 145 [121 |141 169
43 . 126 {154 | 150 | 91 {134 | 149 |118 139 | 114 | 91 {116 | 113

Planted June 13, 1946
22 oo 1 96 (134 | 120 {127 {130 | 163 | 98 [100 | 102 141 !124 | 145
30 oo 121 |128 | 130 (118 i113 | 152 {121 (119 | 127 ;144 {118 | 130
43 oo 101 1102 | 100 |115 [121 | 103 (139 (110 | 99 {100 |107 | 102

Planted August 1, 1946
18 oo 118 1116 | 123 |____|____l_____ 115 {123 | 131 |___|____j-—___
20_ . ____.____ 116 {119 | 115 |184 |184 | 139 {109 |126 | 135 {144 (167 | 167
p] S 140 | 77 | 130 |132 {126 | 146 (122 | 89 | 127 1150 (152 | 169
34 ____l.. 1139 1143 | 90 1173 113 | 112 |118 |173 | 105 |125 |131 108
41 .. 137 {150 | 137 110 {116 | 90 [131 {137 | 176 [156 |126 | 114
48 ... JERI PRI 159 |126 | 128 | ___j-coc|oce-- 200 {116 | 126

1 P=phosphorus; K=potassium; N =nitrogen.

The outstanding finding in this experiment is the marked superi- .
ority of the Tartary over the Japanese in yield of rutin. If the yields
by the Japanese variety are taken as 100, the yields by the Tartary

“had the following values: Untreated plots, 145; phosphorus treated,

160; phosphorus-potassium treated, 159; and nitrogen-phosphorus-
potassium treated, 153. The average results of the four treatments
show that the Tartary buckwheat produced 54 percent more rutin
than the Japanese variety.

Tetraploid Variety Compared With the Tartary

A comparison of the Tetraploid with the Tartary variety, from
which it originated, was made on a plot treated with nitrogen-phos-
phorus-potassium. Table 4 gives the results. Yields of dry matter
produced by the two varieties were similar, with the exception of the
yields at the end of 48 days, at which time the yield by the Tartary
was about 57 percent more than that by the Tetraploid. On the



TABLE 4.—Yields of dry matter and rutin produced by two varieties of
buckwheat grown on Hagerstown soil at Lancaster on a single plot
treated with nitrogen-phosphorus-potassium

Dry matter ’ Yields of dry | . Yields of rutin
Age of plants! content ' matter per acre; Rutin content , per acre
< ! i
(days after ' 1 ' - : ; | .
emergence) | - ; _ i _ ! -
i ngg Tartar_v‘ 'I};?g::g Tartaryg ’1;;733 Tartaryff f)‘f;’{g Tartary
5 ‘ | : :
i Percent| Percent! Pounds| Pounds Percent! Percent! Pounds| Pounds
18 . 9.9 86 f 700 430 263 2m2 12 12
20 . _.___ i 9.6 9.51 1,490 ! 1,310 i 2.63 1 3.52 i 39 46
28 .. I 80 9.4 12990 ! 2990 | 3.04| 2 76 | 91 83
32 . ___ 10. 8 12. 1 J 4,290 | 5,230 i 2.68 2.92 | 115 153
41 . 13.8 1 16.5 | 9,330 | 9 520 | 2.68| 2. 64 250 251
48 ... | 14.8 15. 0 ! 8,580 (13,440 | 1. 64 1.8 | 141 250
! |

't Planted August 1, 1946.

average, the Tartary produced 21 percent more rutin than the Tetra-
ploid.

in height on the fertilized plots. During the three planting periods,
the Japanese attained average heights of 21, 30, and 26 inches, respec-
tively, as compared with 20, 25, and 34 inches attained by the Tartary.
In general, there was little difference in the heights attained during
the three plantings.

Buckwheat Grown on Dekalb Soil

Production of Dry Matter

Table 5 shows the yields of stems and leaves by buckwheat grown
on Dekalb soil. There was a progressive decrease in the percentage
of leaf with the age of the buckwheat. This was due in part to the
weight of the seed, which was included in the weight of the stems.
The weight of the leaves did not increase appreciably after the plants
were 48 days old.

The fertilizers had only limited value over limestone used alone,
with the exception of the Iimestone-nitrogen-phosphorus-potassium
treatment, which had a relativel high value in the production of
total dry matter. The data in table 6 show more clearly the relative
values of the four treatments. The limestone-nitrogen-phosphorus—
potassium and limest-one-phosphorus produced an average of 37 and 7

percent higher yields, respectively, than limestone‘ used alone; lime-

pounds of potassium (table 1), which apparently were sufficient for
the immediate needs of the buckwheat because of its relatively strong



feeding power for residual plant nutrients. The total yields of dry
matter of the four varieties of buckwheat were similar. There was
a significant difference in leaf yields, however, which is of major
importance in the production of rutin. On the basis of the average
of the four fertilizer treatments, with the Japanese variety taken as
100, the relative leaf yields had the following values: Tartary, 108;
Tetraploid, 180; and Emarginatum, 149.

Production of Rutin

Table 5 shows the rutin content of the buckwheat grown on -
Dekalb soil. The Japanese produced higher yields of rutin with each
of the fertilizer treatments than with Iimestone alone. Limestone-
phosphorus-potassium, however, produced only a slight gain over
limestone alone and lower: yields than limestone-phosphorus. The
residual available potassium in this soil was apparently sufficient to
meet the demands for potassium. Limestone-nitrogen-phosphorus-
potassium produced relatively high yields of rutin, as compared with
limestone-phosphorus-potassium. Table 6 shows that the limestone-
phosphorus produced an average increase in yields of 16 percent over
limestone alone, as compared with 2 percent for limestone-phosphorus-
potassium and 47 percent for limestone-nitrogen-phosphorus-po-
tassium.

The effects of the fertilizers on the yields of rutin by the Tartary
variety were somewhat different from those by the Japanese. Table 6
shows that limestone-phosphorus-potassium produced an average
increase in rutin of 16 percent over the yield when limestone was used
alone, and limestone-nitrogen-phosphorus-potassium produced a 75-
percent increase. Nitrogen was of major importance in the pro-
duction' of rutin and buckwheat dry matter.

Table 5 includes the few data obtained on the Tetraploid and
Emarginatum varieties. Since lack of facilities limited the number
of analyses, the effects of only the limestone-nitrogen-phosphorus-
potassium treatment were determined for the %‘etraploid and
Emarginatum throughout the period of growth. Table 7 shows the
relative yield of rutin by each of the four buckwheat varieties treated
with limestone-nitrogen-phosphorus-potassium. The average results
of the three sampling periods show that the Tartary, Tetraploid, and
Emarginatum have much higher value for rutin production than the
Japanese.

Height of Plants

Table 8 shows the heights attained by the buckwheat plants in
this experiment at four periods of growth. In the first 48 days,
measured from the time the plants emerged from the ground, the
Japanese variety attained a height greater than that of the other
varieties, but after that period there was little further growth. At
the end of the 60-day period the Tartary had attained the greatest
height, followed in order by the Emarginatum and Tetraploid. The
greater height of the Tartary plants at maturity is due to a vinelike
terminal growth. With the exception of limestone-nitrogen-phos-
phorus-potassium, the fertilizers and limestone had no significant
effect on the height of the plants.

348103°—55——3
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TABLE 6.—Relative effects of fertilizers and a

ge of

plants on yields of

leaves, stems, and rutin by varieties of buckwheat grown on Dekalb
soil.  (Limestone=100)
Plants 35 days old
Rutin
Fertilizer Leaves!| Stems !
Japanese Tartary
Limestone-phosphorus__.____ __________ 114 128 122 139
Limestone-phosphorus-potassium_ —cemme 97 102 103 94
Limestone-nitrogen-phosphorus-potas-
stum__________ T 127 169 159 176
Plants 48 days old
Limestone-phosphorus__________________ 94 99 110 91
Limestone-phosphorus-potassium ........ 94 98 101 119
Limestone-nitrogen-phosphorus—potas— i
stum___________ T 136 129 135 167
Plants 60 days old
Limestone-phosphorus________________ 105 119 . ___ 126
Limestone-ph‘osphorus-potassium ........ 103 106 .. ___ 135
imestone-nitrogen-phosphorus—potas-
stum__________ T 136 135 | .. ___ 182

! Average of the Japanese, Tartary,

Tetraploid, and Emarginatum varieties,

TABLE 7.—Relative yields of rutin from varieties of buckwheat grown on
Dekalb soil treated with, limestone-mtrogen-potassium-phosphorus.
(Japanese=100) ‘

I Rutin
Age of plants (days) T
l Tartary | Tetraploid I'Emarginatum
114 80 75
123 142 117
173 143 159
137 122 117




TaBLE 8.—Effects of fertilizers on the height (average) of varieties of
buckwheat grown on Dekalb soil

Plants 26 days old

-~ Japa- Tar- Tetra- | Emargi-
Fertilizer nese tary ploid | natum
Inches | Inches | Inches | Inches

Limestone. _ - - oo 7 6 8

Limestone-phosphorus: - cccceccccccaaan. 12 7 6 8

Limestone-phosphorus-potassium______.__ 11 7 7 9

Limestone-phosphorus-nitrogen-potassium | 17 12 8 11
Plants 35 days old

Limestone . _ - o ccaeo oo 22 15 11 15

Limestone-phosphorus____ ... ... 23 17 12 16

Limestone-phosphorus-potassium________ 22 14 12 14

Limestone-phosphorus-nitrogen-potassium 29 22 17 20
Plants 48 days old

Limestone. . - oo cccccemee e 36 36 27 34

Limestone-phosphorus__ .o c oo oo .- 38 36 29 36

Limestone-phosphorus-potassium____.... 35 32 27 33

Limestone-phosphorus-nitrogen-potassium | 42 42 33 37
Plants 60 days old

Limestone. - oo cooociee oo ! 36 50 41 47

Limestone-phosphorus. o ceeeo oo .. | 38 51 43 51

Limestone-phosphorus-potassium__ _ . _._._j 39 51 41 48

Limestone-phosphorus-nitrogen-potassium | 45 55 46 52

Figure 5 shows the average daily growth rate of the plants at four
periods during the experiment. The Japanese variety grew most
rapidly between the 26th and 35th days following emergence; the
other three varieties grew most rapidly between the 35th and 48th

days.
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Buckwheat Grown on Volusia Soil

Production of Dry Matter

Table 9 shows the effects of fertilizers on the production of leaves,
stems, and dry matter by buckwheat grown on Volusia soil.
With the exception of leaf yields by Japanese and Tartary on the plot
treated with limestone-phosphorus—potassium, each of the fertilizer
treatments produced yields of dry matter greater than those produced
by limestone alone. The Volusis soil contained 78 pounds of available
phosphorus per acre and 265 pounds of available potassium (table 1),
which accounts for the relatively small increases produced by applied
phosphorus and potassium. The relatively low result for limestone-
nitrogen-phosphorus-potassium, as compared with that for limestone-
ﬁhosphorus-potassium, was due to the fact that a fertilized clover sod

ad been plowed under in the fall of 1946. A Volusia soil relatively
low in available phosphorus and potassium gave marked response to
the application of these two essential plant nutrients (23). Table 10
shows more clearly the relative values of the plant nutrients added.
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TABLE 10.—Relative effects of fertilizers on the production of leaves,

stems, and rutin by varieties of buckwheat grown on Volusia soil.
(Limestone=100)

! Rutin 2
Fertilizer Leaves!| Stems ! | _
[ [J apanesel Tartary
! | |
|
Limestone-phosphorus__________________ 131 123 118 | 142
Limestone-phosphorus-potassium . . . ... 104 107 110 120
Limestone-nitrogen-phosphorus-potassium 113 117 103 122

! Average of four varieties; plants were 56 days old.
2 Plants were 43 days old.

Table 11 shows the value of the Tartary, Tetraploid, and Emargi-
natum relative to the Japanese for production of leaves and stems.
These values are based on the average results of the four fertilizer
treatments. The Japanese gave the poorest yield of leaves.

Production of Rutin

Table 12 gives data on the rutin content of buckwheat grown on
Volusia soil.  When the buckwheat was 43 days old, the limestone-
phosphorus had produced the greatest effect on the yield of rutin by
both the Japanese and Tartary. Later, the limestone-phosphorus-
potassium treatment showed g slight advantage. The relatively
slight response to limestone-nitrogen-phosphorus—potassium was due
to the nitrogen supplied by the clover sod plowed under the preceding
fall. Table 10 gives the relative values of the fertilizer treatments
in the production of rutin. The Japanese variety produced less rutin
than the Tartary, Tetraploid, and Emarginatum (results of the lime-
stone-nitrogen-phosphorus-potassium treatment in table 11). The
Tartary produced about 49 percent more rutin than the Japanese
(average results of the two sampling periods). The Tetraploid and
Emarginatum varieties produced 60 and 21 percent more rutin,
respectively, than the Japanese.

Heighi of Plants

The effects of fertilizers on the height of buckwheat (table 13) were
similar to their effects on the yields of dry matter. The data in table
13 also show the differences in the rate of development of the four
varieties and emphasize the more rapid growth of the Japanese during
the first 42 days.

Table 14 shows the average daily rate of growth of the four varieties.
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TABLE 13.—Effects of fertilizers on the height (average) of four varieties
of buckwheat grown on Volusia soul

Plants 30 days old

P Japa- Tetra- | Emargi-
Fertilizer nese Tartary ploid | natum
Inches ® Inches | Inches | Inches
Limestone . _ . .. __.______ 17 7 7 10
Limestone-phosphorus___ .. _____________ 19 9 9 12
Limestone-phosphorus-potassium_ _ ______ 21 10 8 13 -
Limestone-nitrogen-phosphorus-potassium 22 13 9 15
Plants 42 days old
Limestone - - - - - - - oo 331 21 19 26
Phosphorus_ . .. _______.__.____ 35 | 29 21 28
Limestone-phosphorus-potassium_ _ ______| 32 | 32 24 29
leestone-n1trogen-phosphorus-potaﬂsmm 36 ; 34 24 30
Plants 56 days old
Limestone - - - - - - - oo | 38 49 39 a7
Phosphorus._ - .. ________.__ . 41 50 46 48
Limestone-phosphorus-potassium_ _ . _ 38 | 53 45 46
Lxmesizone-nll:rogeu-phosphorus-potacsuun.l 42 ! 46 48




TaBLE 14.—Effects of fertilizers ! on the average daily rate of growth of
Jour varieties of buckwheat grown on Volusia soil

First 30 days

Daily rate of gro:th on soil treated
with—
Buckwheat variety

L LP LPK | LNPK
Milli- | Mili- | Mili- | Milli-
meters meters meters melers
Japanese______ ... .. ___________._ 12 13 15 15
Tartary._ . 5 6 7 9
Tetraploid_ . _______._________________ 5 6 6 6
Emarginatum_________________________ E 7 8 9 10
From 31 to 42 days
Japanese__.______________________.______ 33 33 23 29
Tartary__________________________ " 42 42 46 44
Tetraploid.. .. _______________________" 25 25 33 31
Emarginatum_____________________ """ 33 33 33 31
From 43 to 56 days
Japanese--_: .......................... 9 11 11 11
Tartary. . ___ ... TT 39 38 38 36
Tetraploid. ... .___________________ - 36 45 38 39
Emarginatum_ . ______________________" 38 36 30 32

! L=limestone; P==phosphorus; K==potassium; N==nitrogen.

Buckwheat Grown on Hagerstown Soil at State College, Pa.
Production of Dry Matter

In the experiment on Hagerstown soil at State College in 1947,
samples were taken only once—on September 2—47 days from the
date of emergence. On this soil, well supplied with residual phos-
phorus and potassium, these fertilizers did not exert a pronounced
effect on the yield of total dry matter (table 15). They appeared to
decrease somewhat the yield of leaves. Applied nitrogen, however,
seemed to increase the production of leaves and stems by all varieties
except the Emarginatum. The addition of limestone had a depress-
ing effect on the utilization of phosphorus and potassium by the
Tetraploid and Emarginatum and of potassium by the Tartary but
not by the other varieties. This can be seen more clearly from the
data on the relative effects of fertilizers on the yields of dry matter
(table 16).



191 £91 o1 eL 0€'¢ 18 ¢ .68 ¥e 'L 0 'St ¥ 91 gLl 9% |TTTTTTTTTTTTTT umyssvjod
-snaoydsoyd-uaforyu-ouoysewyy
(441 091 1611 29 68 ¢ e b cv g 68 1 L 81 € 91 161 ¢ ¢ |"wnissejod-snioydsoyd-uaforyiN
.............. JAR| €9 CTTITITTTTT ey L ascr Tttt 691 | 088 | rwingssejod-snaoydsoyd-suojsewr
............................................................................................ wnssvjod-snaoydsoyj
.............. (21 1S Tttt e e W1 |7 g8l 068 |~~~ "~~~ ~snioydsoyd-auoysounry
.............. 181 R R e B 2 I -2 ninintel et eiiineted 37 TTTTTTTr e s s s maoydsoy g
.............. 601 9¢ TTTTTTTYTTTTTTTl og g Ve'L |TTTTTTTTTTTTL T 0% - (N -1 {2 =510V U
O DU DT i ittt et ed ] B ] R ] EE T LT P ] ) PSR pajsanun
SPUnod | spunocf | spunod | spunod | juadiag | juadiag | jusoiag MUDILBJ | TUBIUD ] | JUIIUI ] | JUIDLI] | JUdILIY
umysuid| propd £avy asou |umysuid| propd A1y asou  [wmysuid! projd Li1wy 9sou
“IBU f-Ba3R, | -awy, | -edep | -avwg |-vajeg, | -iwy, | -ede r | -rewy] | -81joy, | -1vy, | -vdep
J9ZI[1349,]
a10% 1od unna jo prarx JUsU0d uPnNY JULI0D J9Yeul LI
090°‘S | 012% | 08S'% | 016'c | 0s1 ‘e | 086 | 0se ‘e | ogg v | 0161 | 082 ‘T{OS1T 088y |"-""""=-" e wnssgjod
-snioydsoyd-usSorjju-auoysowyy
0LF % [069'C | 0IS‘p | 06¥ ‘% | 024 C | 031 ‘G | oF1 ‘e | 00g €1 00LT [0L5'T | 028°T | 066 | wnyssejod-snioydsoyd-uoForsiN
0¥€ € | 09¢ G | 0oL Hm 0Ll “v 09S ‘2 | 028 ‘T | 096 “~ 01 € | 08L 0¥0 1 | 09 09 “unyssjod-snioydsoyd-suoseuny
09¢ ¥ 068 & | 0S8 2 | 0% £ | oge ‘e | 0SL‘1 | 090 G | 0482 | 080 J1ovLT | 064 . 1088 |TTTTTTTTo wnssgjod-snioydsoyd
ovs v 091 “N 0%9 “m 069 '€ | 093 ‘¢ | 0S¢ ‘1 | 029 G | 0L “N 08¢ 1 | 018 0501 | 089 | """ snuor[dsotjd-suojsowry
0y 9 0¥9 g | 009 £109% “m 089 “v 08S ‘1 | 099 & | 008 & | 08L 1| 090 T | O¥6 099 |TTTTTTTTm T snioydsoy g
0SI ¢ 01€ ¢ | 020 £ | 006 G | 016 £] 082 ‘T | 068 G| OFF G | 07C 1| 080 .~ 089 09% L |
019 % 086 ¢ | 087 °C | 0L | 020°'e | 068‘T | 0L%‘T | 020‘c | 0%S ‘I | 060 ‘T 0101 |08, |~""77TTTTTmmommeee pejeanjuf)
spunod | spunod | spunod | spunod | spuno | spuno | spunoy spuno ] | spunod | spuno | spunog | spunog
wmswuis| proyd fiwy osou (umgsuid| proyd £1vy osou (umypsmi3| projd £1w)  esou
“IBWy | -vaje, | -, | -vdep | -rswyl | -wiRg, | -a8y | -vde r | -1ewyf | -ea9g, | -8, | -vdep
: R IVREY: §

2198 1od 19yvwt L1p _wao,ﬁ

9198 Jod swo)g

9108 J1od soAmvar]

waymyonq fo sauLva an

"Pro shivp L auom spuvy g
of fiq uyms puv ‘wapopw Aap

"962170) NI 10 J108 UMOISLIBDEL UO UMOLH
‘swags ‘saaway fo uoyponposd ayp uo suszypiaf fo spafi—gl qadv ],



TABLE 16.—Relative effects of fertilizers on yields of dry matter and rutin
Iéy four varieties of buckwheat grown on Hagerstown soil at State
ollege. (Limestone=100)! Plants were 47 days old.

Dry matter Rutin
Fertilizer
Japa- | Tar- | Tetra- Eri’;li’_" Japa- | Tar-
nese tary ploid gtum nese tary
Untreated._.______________._ 129 81 129 90 || ____
Phosphorus_ . ______________ 119 117 114 124 |_______ 120
Limestone-phosphorus_. _____ 124 119 94 88 142 133
Phosphorus-potassium_______ 118 93 125 85 | .
Limestone-phosphorus-potas-
stum____________________ 144 89 102 65 175 107
Nitrogen-phosphorus-potas-
sium.____________________ 155 147 160 87 172 141
Limestone - nitrogen - phos-
phorus-potassium_________ 204 148 182 98 203 149

! The limestone treatment was used as a base, because samples were not taken
from the untreated plots for rutin analyses.

The outstanding results of this experiment are the comparative
yields of leaves by the different varieties. The superiority of the
Tartary, Tetraploid, and Emarginatum varieties over the Japanese is
emphasized by the data in table 17. By averaging the yields of the
eight plots it was found that the Tartary leaf yields were 26 percent
higher than the Japanese; the Tetraploid and Emarginatum produced
47 and 83 percent more, respectively, than the Japanese.

TABLE 17.—Relative yields of leaves and rutin by four varieties of buck-
wheat grown on Hagerstown soil at State College.  (Japanese=100)
Plants were 47 days old.

Leaves (dry weight) Rutin
Fertilizer
Tar- | Tetra- Em{' Tar- | Tetra- | LIaI-
tary | ploid gtum tary | ploid gtg‘;'
Untreated._________________ 140 | 151 | 214 |_______|_______| ______
Limestone_ . _______________ 148 224 270 303 || ...
Phosphorus. _____________ 142 161 262 | ____ i ____ |~
Limestone-phosphorus______. 165 131 206 284 || ___
Phosphorus-potassium_______ 144 207 187 || C
Limestone-phosphorus—potas—
sium.___________________ 100 137 103 186 |- | ______
Nitrogen - phosphorus- potas-
sium____________________ 138 159 172 248 258 245
Limestone - nitrogen - phos-
phorus-potassium ____ ———— 83 93 138 222 223 229




Production of Rutin

Table 15 includes data on the rutin contents of the buckwheat.
As measured by the percentage increase in yields of rutin, the Japanese
variety showed a much greater response to the fertilizers than did the
Tartary, suggesting that the Tartary buckwheat grown on this soil was
a stronger feeder for residual plant food. The most significant data in
table 15 are the percentage and acre yields of rutin by the Tartary
buckwheat, as compared with those by the Japanese. Both the per-
centage and acre yields of the Tartary were more than twice those of
the Japanese. When grown on soil treated with limestone-nitrogen-
phosphorus-potassium, the Tetraploid, Emarginatum, and Tartary
varieties produced about the same yields of rutin. Table 16 shows the
relative effects of the fertilizer treatments on the production of rutin
and the relative yields of rutin by the Japanese and Tartary varieties.
Table 17 shows more clearly the superiority of the Tartary, Tetraploid,
and Emarginatum varieties over the Japanese in the production of
rutin.

Height of Plants

Table 18 shows the average height of the buckwheat grown on each
of the plots. The plants on the seven treated plots were higher than
those on the untreated plots. In general, the fertilizer treatments
produced plants of similar height.

Buckwheat Grown on Lansdale Soil

Production of Dry Matter

Table 19 shows the effects of two rates of nitrogen application and
three rates of seeding on yields of dry matter by buckwheat grown on
Lansdale soil. Table 20 gives a summary of the yields of dry matter
per plant and per acre. There were no significant differences in yields
of dry matter due to the rate of application of nitrogen, but the rate
of seeding had a tremendous effect on the size of the plants and yields
per acre. The individual plants grown in the rows 14 inches apart
weighed approximately five times that of the plants in the rows 7
inches apart with plants spaced 1 inch apart in the row. The more
thickly planted plots, however, yielded about twice as much dry
matter per acre, owing to the greater number of plants per acre.

Table 21 shows the effects of the rates of seeding and application of
nitrogen on the yields of leaves and stems. Although the 48-pound-
per-acre applications of nitrogen usually increased the yield by each
variety, the increase was extremely small and did not justify the
additional application.

The Silverhull leaf yields were considerably less than those of the
other varieties. Leaf vields of this variety were only 63 percent of
the Tartary yields. The results obtained with the Silverhull were
similar to those with the Japanese in the other experiments.



TaBLE 18.—Effects of fertilizers on the height (average) of four varieties

of buckwheat grown on Hagerstown soil at State College
Plants 29 days old

a1 Japa- Tetra- | Emargi-
Fertilizer nese Tartary ploid | natum
Inches | Inches | Inches | Inches
Untreated.___________________________ 22 8 6 .9
Limestone. . ____________________ "7 28 13 7 16
Phosphorus_ ___________________ 77" 25 11 6 13
Limestone-phosphorus__________________ 24 14 8 17
Phosphorus-potassium________________ 27 15 8 18
Limestone-phosphorus-potassium _ _ _____. 20 10 7 15
Nitrogen-phosphorus-potassium__________ 26 12 7 19
Limestone-nitrogen-phosphorus—potassium_ 25 12 8 16
Plants 36 days old
Untreated. - - _________._______________ 29 15 14 20
Limestone_ . _____________________ "°°" 31 29 18 28
Phosphorus_ . _._________________ 777" 30 29 12 22
Limestone-phosphorus__________________ 29 28 18 27
Phosphorus-potassium.__________________ 34 35 19 28
Limestone-phosphorus-potassium_ _______ 27 21 14 24
Nitrogen -phosphorus-potassium_________. 31 25 18 29
Limestone-nitrogen-phosphorus-potassium_ 30 26 17 26
Plants 43 days old

Untreated .. _._______________________ [ 29 22 20 31
Limestone._ . _____________________"7°°° 30 41 27 35
Phosphorus_ . ______________________"°" 30 36 17 31
Limestone-phosphorus_.________________ 30 38 26 36
Phosphorus-potassium.__________________ 32 43 29 40
Limestone-phosphorus-potassium_ .. .. __ . | 28 33 25 34
Nitrogen-phosphorus-potassium_________. 32 39 25 39
Limestone-nitrogen-phosphorus-potassium-‘ 30 36 25 36
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Production of Rutin

Table 19 includes detailed results on the effects of the rates of
seeding and the application of nitrogen and also the age of the plants
on the yield of rutin. The rutin content was not affected by the rate
of seeding, but was greatly affected by the age of the plants. The
rutin content of the Silverhull variety decreased rapidly with maturity;
it ranged from more than 4 percent in young plants to less than 9
percent in older plants. In this respect the Silverhull was like the
Japanese. The Tartary showed more variation in rutin content with
age; Emarginatum showed the least variation. The effects of the
two rates of nitrogen application on the rutin content were variable,
probably owing to errors in sampling and analyses,

The results on the rutin content of individual plants paralleled the
results on dry matter. Thus, the average yield of rutin per plant
grown in the rows 7 inches apart was 110 milligrams, as compared
with 490 and 618 milligrams for the plants grown 4 and 6 inches
apart, respectively, in the rows 14 inches apart. The average yields
per acre in the same order were 217 » 122, and 103 pounds (table 22).

This lower yield per acre by plants grown in rows 14 inches apart
was due to the fewer plants per acre. The data on rutin production
in table 22 clearly indicate the superiority of the Tartary, Tetraploid,
and Emarginatum varieties over the Silverhull.

Height of Plants

Table 23 shows that neither the rate of seeding nor the rate of
nitrogen application had any appreciable effect on the height of the
buckwheat.

Resistance to Storm Damage

On August 10, 54 days from the date of emergence of the plants, the
proportion of plants that had lodged during a severe rain and wind
storm was noted. The data in table 24 show the extent of lodging.
The percentage of lodging depends on the maturity of the plants.
The Tartary and Tetraploid varieties mature about 2 weeks later than
the Silverhull. The 48-pound-per-acre application of nitrogen signifi-
cantly increased the degree of lodging of all varieties. There is little

variety as compared with others, especially the Japanese and Silver-
hull. "Figure 6 shows the extensive damage suffered by the Silverhull
even when 39 days old; the Tartary was undamaged.
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TaBLE 23.—Efects of rates of seeding and application of mitrogen on
the height of four varieties of buckwheat grown on Lansdale soil

Plants 21 days old

Rate of seeding p
er acre
rate of .
I Inches nitrogen | Silverhull Tartary Tetra- Emargi-
nches between appli- ploid natum
between s PP
rows plants in cation
: row
i i i
J Pounds Inches Inches Inches Inches
7 1 | { 24 20 10 8 14
{ 48 18 lg g 1?
24 16 1
14 4 1{ i8 14 6 5 10
4 13 5
14 6 ,’{ a8 13 6 5 9
Plants 40 days old
! 1
. . ’{ 24 | 44 43 34 39
I 38 41 gO gg 39
4 40 6 2 34
14 4 f{ 48 38 33 26 34
14 6 | { 24 38 30 22 31
[ 48 35 32 24 33
i |
Plants 54 days old
7 1 { 24 46 46 43 51
48 44 47 41 50
14 4 { 24 44 46 39 49
48 44 46 37 48
14 6 { 24 41 42 39 47
48 45 44 34 48

TABLE 24.—Effects of rates of seeding and application of nitrogen on
lodging of four varieties of buckwheat. Plants were 84 days old.

Plants lodged on plots

. Treated with nitrogen
Buckwheat variety at the rate of— Rows 7 Rows 14
- inches inches
24 pounds | 48 pounds apart apart
per acre I per acre
, Percent ! 1 Percent! | Percent? | Percent:
Silverhull---______------_-____3 48 | 60 54 55
Tartary---------_._--___-__-_, 14 28 32 16
Emarginatum ____J 7777770000 1 18 1 14
Tetraploid_.________ 777777 0 6 1 5

! Average of three rates of seeding.

< Average of two rates of nitrogen application.



F1GuRE 6.—Buckwheat 39 davs old. Silverhull (foreground) is severely damaged
by lodging; Tartary (background) is undamaged.

DISCUSSION

Effects of Age and Planting Date

Figure 7 shows the effects of age of plant and date of planting on the
rutin content and the yields of rutin and dry matter by Tartary and
Japanese buckwheat. The peak of rutin content was reached about
25 to 35 days after emergence of the plants, which is the time of
blooming, depending on the species. The Tartary buckwheat was
45 to 80 percent richer in rutin than the Japanese. The rutin content
of both species decreased after seeds had formed, although the decrease
was slower for the Tartary. The Tartary variety was slower to flower
and slower in setting a full crop of seed. ~ It did not mature so rapidly
but grew continuously, maintaining a considerable portion of the plant
as young immature tissue.

Buckwheat is ordinarily planted for grain production in late June
or early July. A study of buckwheat planted on three different dates
(fig. 7) showed that the early plantings had the highest percentage
of rutin and that the rutin content was progressively less in the later
plantings. The yield of dry matter, on the other hand, increased
significantly in later plantings, with a comparative increase in the
yield of rutin per acre. Similar results (fig. 8) were obtained in 1948
with four plantings of Tartary on Lansdale silt loam.
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F1GURE 7.—Effect of age of plant on the production of rutin and dry matter by

two varieties of buckwheat planted at three different times during the growing
season.
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Ficure 8.—Effect of date of planting on the rutin content of Tartary buckwheat
grown on Lansdale silt loam.

It appears that in order to obtain buckwheat plants rich enough in
rutin (12, 14) to be capable of competing with richer imported sources
(Sophora japonica flower buds (2) and Eucalyptus leaves (10)), it
may be necessary to restrict planting to the early part of the season.
Furthermore, buckwheat will have to be harvested at the peak of its
rutin content. The best time will vary somewhat with the season
but will be about 4 to 6 weeks after planting.

Effect of Variety

Table 25 shows the yields of leaves and rutin produced by the five
varieties of buckwheat studied in these experiments. The three
varieties of indeterminate type of growth—Tartary, Tetraploid, and
Emarginatum—produced greater yields of both leaves and rutin
than the Japanese and Silverhull, which have a determinate type of
growth. The first three varieties appear to be equally suited for rutin
production, but only the Tartary seed is avaiable in commercial



quantities. The Tartary variety yielded 10 percent more leaf and
65 percent more rutin than the Japanese, and 16 and 82 percent,
respectively, more than the Silverhull.

TABLE 25.—Yields of leaves and rutin by different varieties of buckwheat

Leaves Rutin

Buckwheat variety per acre | per acre

Pounds Pounds

Japanese!_ ____________________ 1, 000 97
Silverhuallz________________ " 7°7°°" 950 88
Tartary ! _____________ Tt 1, 100 160
Tetraploid '___________________ 7" 1, 480 164
Emarginatum t___________ " T777TTTTTTTmmmm e 1, 320 144

! Average of all results on Dekalb, Volusia, and Hagerstown (State College)
soils treated with limestone-nitrogen—phosphonls-potassium.

2 Average of results with three rates of seeding and two rates of nitrogen appli-
cation on Lansdale soil.

Since these studies were made, several reports have appeared in the
literature on the rutin content of different varieties of buckwheat
grown in other countries. Paris (17) made a study of the rutin
contents of two varieties each of Fagopyrum tataricum and F. escuy-
lentum_grown in several localities of France and collected in June,
July, September, and October. The F. tataricum contained more
rutin than the F. esculentum, which agrees with the results reported
here; however, the maximum value of 2.37 percent was smaller than
that reported here.

Ibanez, Guiser, and Szabo (7), who studied the rutin content of
buckwheat grown inr Chile, reported a yield of 4.7 percent from fresh
whole plant of Fagopyrum esculentum harvested in the blooming
stage. Opavsky (16) reported only 1 percent of rutin in the leaves
of F. esculentum grown in Poland, and collected in the last stages of
bloom. However, he ground the leaves before extraction—a treat-
ment that destroys considerable rutin. Koletskii and Efros (8
found from 2.1 to 2.57 percent of rutin in the leaves and flowers and
0.2 percent in the stems of buckwheat grown in Russia.

From Canada, McGregor and McKillican (11) reported the results
of a 4-year (1947-1950) study of buckwheat grown on 2 types of solil,
with 24 varieties and strains including both F. tatarmicum and F.
esculentum. Each year the buckwheat was planted about the middle
of June and harvested when blossoming began, which was usually
35 to 40 days after planting. Unlike the results reported here, their
results showed no significant differences in the percentage of rutin
between the different ‘strains tested. The explanation for this



than the 7. tataricum strains. Their results indicate the possibility of
developing a high-rutin buckwheat, either by selection or by breeding.

Effect of Rate of Seeding

In the experiment on Lansdale soil, buckwheat seeded in accordance
with the common practice for grain production—rows 7 inches apart and
plants spaced approximately 1 inch apart in the row—gave an average
of 25 to-37 percent higher yields of leaves and of rutin than plants
grown in rows 14 inches apart. In addition, the yield of rutin in this
experiment was higher than that produced in the other four experi-
ments, in which the buckwheat was planted in rows 12 inches apart.
If the highest yield of rutin by Tartary buckwheat in the 7-inch rows
is taken as 100, the other plantings had the following values: Rows
12 inches apart, 72; rows 14 inches apart, 74. Expressed as maximum
yields per acre of rutin, these values are rows 7 inches apart, 268
pounds; rows 12 inches apart, 194 pounds; and rows 14 inches apart,
198 pounds.

Another important advantage of thicker planting is that it prevents
the growth of weeds. Where the rows were 14 inches apart, it was
necessary to cultivate between the rows several times during the
experiment, but this was not necessary where the rows were 7 inches
apart. Buckwheat planted with a grain drill, in accordance with
usual farm practice, has the greatest value of any grain crop for the
elimination of weeds. Within a few weeks, the entire area is covered
with a heavy growth of leaves, which inhibits weed growth.

Effects of Fertilizers

The data in table 26, which are average results on the Dekalb,
Volusia, and Hagerstown (State College) soils, show that both lime-
stone-phosphorus and limestone-nitrogen-phosphorus-potassium in-
creased yields of buckwheat dry matter more than limestone alone.
The plots treated with limestone-phosphorus-potassium, however,
showed little, if any, gain in yields; in fact, the Emarginatum variety
produced 540 pounds (14 percent) less dry matter than when lime-
stone was used alone. The most significant results in table 26 are
the effects of limestone-nitrogen-phosphorus-potassium on yields of
leaves and stems—an increase (average of all varieties) of 320 pounds
(35 percent) of leaves and 650 pounds (27 percent) of stems over that
produced by limestone-phosphorus-potassium.

The data in table 27 emphasize the importance of nitrogen in the
production of rutin by buckwheat grown on the Dekalb soil and the
Hagerstown soil at State College. The Hagerstown soil at Lancaster
contained high residual nutrients from previous fertilizations. As
already explained, the low response to applied nitrogen on
the Volusia soil was due to the fact that a clover sod had been plowed
under the preceding fall, thus supplying most of the nitrogen required.
The limestone-phosphorus and limestone-phosphorus-potassium gave
higher yields of rutin than did limestone alone.
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Effect of Soil Type

Table 28 shows the effect of soil type on the production of rutin by
four varieties of buckwheat. The Japanese, Tartary, and Tetraploid
varieties produced their highest yields when grown on Volusia soil.
The next highest yields were produced on Lansdale soil, followed
closely by those on the Hagerstown soil at State College. Emargi-
natum gave its highest yields on this Hagerstown soil, and the Tartary,
Tetraploid, and Emarginatum showed the greatest increase over the’
Japanese on this soil.

TaBLE 28.—Effect of soil type on the production of rutin by four
varietres of buckwheat

Increase over produc-
Rutin—per acre ! tion of rutin by
Japanese
Soil type

Japa- | Tar- | Tetra- E;ﬁ:’:’ Tar- | Tetra- Eri?l’;'r_'

nese | tary ploid tum tary ploid %um
Pounds| Pounds| Pounds| Pounds| Percent| Percent| Percent
Dekalb_____________ 97 140 136 124 | 44.3 40. 2 27. 8
Volusia_____._.._.._.__ 121 |© 180 193 146 | 48.8 59.5 20. 7

Hagerstown:

At State College- - . 73 162 163 167 | 121.9 | 123.3 128. 8
At Lancaster 2__ __ 68 121 oo e 779 |ooo e
Lansdale 3. ___.____ 488 160 193 147 | 581.8 {3119.3 | %67.0

1 Average of all samples from plots treated with limestone-nitrogen-phosphorus-
potassium or nitrogen-phosphorus-potassium.
2 Average of three plantings.
_ % Average results with three rates of seeding and two rates of nitrogen applica-

ion.
+ Silverhull.
5 Increase over production by Silverhull.

Effect of Manner of Harvesting

Yields of buckwheat dry matter in these experiments are based on
the weights of plants cut at ground level. In three of the experiments
a portion was cut from the base of the stems and weighed separately.
In this way it was possible to determine the percentage of the stems
that would be left in the field as stubble if the buckwheat was har-
vested at this height. Later the dry weight of this portion was
added to the weight of the remaining stem dry matter. Table 29
gives the weights of the stems of the four varieties cut 4 inches above
the %round. These data show that an average of 7.7 to 13.9 percent
of the total dry matter would be in the stubble. The Tartary,
Tetraploid, and Emarginatum varieties showed greater weights of
stubble than the Japanese. Because the stubble contains little rutin,
discarding this quantity of dry matter would increase the percentage
of rutin in the harvested plant by approximately one-tenth. Har-
vesting at a higher level would give an even greater increase. As the
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level is raised, however, there will be increasing loss of leaves from
the lower lateral branches. )

The Tartary and Tetraploid varieties produced a relatively greater
number of low lateral branches than either the Japanese or Silverhull
(fig. 9), and if cut at a height above 4 inches, especially in the thinner
planting, the stubble from these varieties would include an appreci-
able percentage of the basal leaves. Thick plantings, which have

FigurRE 9.—Forty-one-day-old buckwheat grown at different spacings: A, Silver-
hull; B, Tartary; C, Emarginatum; D, Tetraploid; a,. grown in rows 14 inches
apart and spaced 6 inches apart in the row; b, grown in rows 14 inches apart and
spaced 4 inches apart in the row; ¢, grown in rows 7 inches apart and spaced
1 inch apart in the row,



few basal leaves, can be harvested as much as 12 inches above the
ground without appreciable loss of leaves or rutin.

SUMMARY AND RECOMMENDATIONS

During 1946, 1947, and 1948, to determine the effects of age of
plants, planting date, fertilizers, rate of seeding, and manner of
harvesting on the production of rutin by buckwheat, five varieties—
Japanese, Silverhull, Tartary, Tetraploid, and Emarginatum—were

rown in central and eastern Pennsylvania on Hagerstown, Dekalb,
%’olusia, and Lansdale silt loams.

Young plants of all varieties contained a higher percentage of
rutin and a higher proportion of leaves to stems than mature plants.
The rutin content decreased rapidly with the onset of formation of
seed. For rutin production, buckwheat should be harvested at the
peak of its rutin content, which for Tartary buckwheat (under normal
soil and climatic conditions) is from 4 to 6 weeks from the date of
planting, when plants are in bloom.

Buckwheat planted early in the season (May and June) had a
higher rutin content than that planted later in the year.

The Tartary, Tetraploid, and Emarginatum varieties had a higher
percentage of rutin, did not lose the rutin so rapidly with maturity,
and produced higher yields of rutin and leaves per acre than the
Japanese and Silverhul)lq Of the buckwheat varieties for which seed
is now available in commercial quantities, Tartary has proved to be
the most valuable source of rutin.

Tartary buckwheat produced its highest yields of rutin when
seeded in rows 7 inches apart at the rate of  to 3 pecks per acre.
This rate supplied approximately 1 seed to each inch of row. When
planted in this manner, the buckwheat produced a minimum of
lateral branches, and could be harvested 6 inches or more above the
ground without loss of leaves.

Buckwheat for rutin production should be planted on fertile soil.
Soils that have been previously supplied with liberal applications of
phosphoric acid and potash need only the additional application of
nitrogen, preferably as sulfate of ammonia at the rate of 150 pounds
per acre, which will supply approximately 30 pounds of nitrogen.
Soils that have not been liberally supplied with mineral plant food
should receive an application of a complete fertilizer such as 5-10-5
formula at the rate of 300 pounds per acre if drilled in the row, or
500 pounds per acre if broadcast over the seedbed and harrowed into
the soil before seeding. The latter application will supply 25 pounds
of nitrogen, 50 pounds of phosphoric acid, and 25 pounds of potash.

In preparing the seedbed for buckwheat, the soil should be plowed
several weeks in advance of seeding and harrowed frequently. Before
the buckwheat is planted, the seedbed should be cultipacked to assure
a compact soil. This last step before seeding is of vital importance.
Buckwheat has an extremely limited and shallow root system, which
subjects the plants to possible -severe drought injury and varied
degrees of lodgin% The final compaction not only reduces these
hazards but also brings the roots into more intimate contact with
the soil, thus increasing the rate of absorption of plant food.
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